Objective: To determine
I
n 2007, the American Heart Association (AHA) guidelines for the prevention of infective endocarditis (IE) recommended cessation of antibiotic prophylaxis (AP) before invasive dental procedures for patients with certain cardiac conditions at moderate risk (MR) for developing IE, but continuation of prophylaxis for patients at high risk (HR) compared with the lifetime risk of the general population. 1 This recommendation, if followed, would result in a drastic reduction in the overall number of patients receiving AP. In response, there has been substantial concern among some medical and dental health care providers that there would be a significant increase in the incidence of viridans group streptococci (VGS) IE after adoption of these guidelines. Fortunately, in 2 populationbased studies from our group in Olmsted County, Minnesota, 2, 3 and in studies from large, national (US) databases, [3] [4] [5] there has not been a detectable increase in the VGS IE incidence in the United States since publication of the 2007 AHA guidelines. [2] [3] [4] [5] Lockhart et al 6 surveyed a random sample of 5500 US dentists to determine the acceptance of the 2007 AHA recommendations. Interestingly, most respondents indicated that they had patients who continued to receive AP despite the lack of support from the 2007 guidelines. The most common reasons were physician recommendation (57%), patient preference (33%), dentist recommendation (5%), or other (5%). 6 Although study results regarding VGS IE incidence since 2007 are reassuring, the magnitude of the practice change in response to the 2007 AHA IE prevention guidelines in the United States remains unknown. The lack of a single, centralized database for the identification of at-risk patients and the lack of access to private medical and dental records have posed a significant barrier to performing studies on guideline adherence. Using the Rochester Epidemiology Project (REP), we performed a linkage of medical and dental records to identify adults with MR and HR cardiac conditions living in Olmsted County who received dental care at any of 8 local offices (of 40 offices) that were participating in the REP from January 1, 2005, through June 1, 2015. These 8 dental offices serve approximately 25% of all residents of Olmsted County. The percentage of patients receiving AP before (based on the 1997 AHA guidelines) and after the 2007 AHA guidelines were compared to define guideline adherence.
PATIENTS AND METHODS
Details regarding the characteristics of the Olmsted County population and the REP medical records linkage system have been described previously. [7] [8] [9] [10] [11] [12] Briefly, the REP links together the medical records of health care providers in Olmsted County. This linkage system allows investigators to follow residents of this community across all of their sources of health care, regardless of type of health condition or insurance status. This system has historically included only medical care providers, but more recently has expanded to include 8 dental practices; these were listed as practices 1 through 8 to protect confidentiality. These practices provided dental care for approximately 25% of the county population. Each provider had a practice that included approximately 1500 to 2000 patients. Practice 1 had 3 dentists and 3 hygienists; practice 2 had 2 dentists and an undisclosed number of hygienists; practice 3 had 1 dentist and 1 hygienist; practice 4 had 3 dentists and 2 hygienists; practice 5 had 7 periodontists and 11 hygienists; practice 6 had 3 dentists, 7 hygienists, and 2 oral maxillofacial surgeons; practice 7 had 1 dentist and an undisclosed number of hygienists; and practice 8 had 2 orthodontists, 2 periodontists, 5 oral surgeons, 1 orofacial pain dentist, 3 maxillofacial prosthodontists, and 5 hygienists.
Study Population
Adults (age 18 years) were included if they lived in Olmsted County for a minimum of 12 months from January 1, 2005, through June 1, 2015, with an MR or HR cardiac condition for developing IE and had received dental care at any of the 8 local dental offices. Medical records were reviewed extensively (D.C.D.). All the patients had at least 1 echocardiogram (either transthoracic or transesophageal), which provided confirmation of each patient's MR or HR cardiac condition. Patients with other indications for AP were excluded. Dental records, including general/ hygiene, periodontics, orthodontics, prosthetics/aesthetics, and oral maxillofacial surgery, were also reviewed at each dental office (D.C.D.). Patient allergy histories to amoxicillin, penicillin, cephalexin, azithromycin, clarithromycin, and clindamycin were also recorded.
The institutional review boards of Mayo Clinic and Olmsted Medical Center approved the study. All the patients included in this study provided authorization for their medical and dental records to be used for research. Tables 1-3 (available online at http://www.mayoclinic proceedings.org).
Dental Procedures for Which Prophylaxis Is Recommended
In the 1997 AHA guidelines, 13 AP was recommended for both MR and HR patients before dental extractions; periodontal procedures, including surgery, scaling and root planing, probing, and recall maintenance; dental implant placement and reimplantation of avulsed teeth; endodontic (root canal) instrumentation or surgery only beyond the apex; subgingival placement of antibiotic fibers or strips; initial placement of orthodontic bands but not brackets; intraligamentary local anesthetic injections; and prophylactic cleaning of teeth or implants where bleeding is anticipated. See Supplemental Table 4 (available online at http://www.mayoclinic proceedings.org) for nonindicated dental procedures. In the 2007 AHA guidelines, 1 only HR patients were recommended to receive AP for all dental procedures that involve manipulation of gingival tissue or the periapical region of the teeth or perforation of the oral mucosa.
Outcomes
Each patient was followed longitudinally after their first recorded dental visit (until June 1, 2016) to determine whether they developed IE.
Statistical Analyses
Residents of Olmsted County identified with an MR or HR cardiac condition during the study period who had visited any of the participating dental offices were included in the analysis. All of these patients contributed at least 1 set of measurements relating to their initial dental visit, with repeated measurements for each additional visit during the study period, as available. Descriptive statistics for patient-and visit-specific variables are presented as frequency (percentage) for categorical variables and as median (interquartile range [IQR]) for continuous variables. The use of AP across all visits was plotted as a function of time over the entire study duration, stratified by the type of dental visit (such as those involving prophylaxis-indicated dental procedures under previous guidelines). For the purposes of visualizing these trends and guiding formal regression modeling, a LOESS-smoothed curve was fit through all the data points grouped by respective types of visit. Various options for the shape of the temporal trend were considered based on the smoothed curve; on inspection, we chose to divide the study period into 2 intervals of before and after the guideline policy change in 2007 and assumed that the proportion of visits involving prophylaxis was (approximately) constant in each interval. Regression analysis was performed to test for a significant difference in the frequency of dental caree prescribed AP before and after this guideline change, with the use of generalized estimating equations to account for correlated responses from multiple visits on the same patient. Specifically, data were stratified into types of dental visits, and a separate logistic model was fitted to each stratum, with antibiotic drug use as the dependent variable and an indicator of the visit occurring after the guidelines change as the predictor variable. Site of dental visit was included as an adjusting covariate in the models. The analyses were then repeated for patients with HR who received dental care during this period. All the data analyses were performed using SAS software (Version 9.4; SAS Institute Inc), and a 2-tailed alpha level of 0.05 was used to define statistical significance.
RESULTS
Overall, 11,979 adult patients who lived in Olmsted County from January 1, 2005, through June 1, 2015, were identified as having MR or HR cardiac conditions. Of these patients, 1351 (11.3%) had received care at 1 of the 8 local dental offices (a total of 8854 dental visits): 1236 patients had an MR condition and 115 had an HR condition. Patients with an MR cardiac condition had a median age at the initial visit of 69.8 years (IQR, 55.8-79.6 years) and a median of 3.0 (IQR, 1.0-9.0) dental visits during the study period; 55.7% were women, and 210 (17.0%) had an allergy to at least 1 antibiotic drug that is recommended for AP (amoxicillin, penicillin, cephalexin, clindamycin, azithromycin, or clindamycin). The most common cardiac condition for MR patients was acquired valvular dysfunction (79.0%), followed by mitral valve prolapse (12.3%), bicuspid aortic valve (4.9%), hypertrophic cardiomyopathy (1.6%), and congenital heart disease (2.2%) ( Table 1) .
The 115 patients with an HR cardiac condition had a median age at the initial visit of 66.8 years (IQR, 45.7-81.7 years) and a median of 2.0 (IQR, 1.0-6.0) dental visits during the study period; 46.1% were women, and 29 (25.2%) had an allergy to at least 1 antibiotic drug that is recommended for AP. The most common cardiac condition in the HR group was prosthetic heart valve (73.9%), followed by congenital heart disease (16.5%), cardiac transplantation with valvulopathy (7.0%), and previous IE (2.6%) ( Table 1) .
Combining the MR and HR patients, the proportion of visits in which AP was used for indicated dental procedures decreased significantly from 67.5% before the 2007 AHA guidelines to 13.4% after the 2007 AHA guidelines (P<.001) (Supplemental Table 5 and Supplemental Figure, available online at http:// www.mayoclinicproceedings.org).
AP for the MR Group
Of the 1236 MR patients who received dental care during the study period, 538 (43.5%) had at least 1 visit in the interval before the release of the 2007 AHA guidelines, 1054 (85.3%) had at least 1 visit after the release, and 351 (28.4%) received care both before and after the guideline change. Patient distributions did not change significantly between the two intervals for sex, age, antibiotic drug allergy, or type of cardiac condition ( Table 1) .
Most of the 8234 dental visits by MR patients involved a dental procedure previously indicated for AP (n¼7446), such as dental cleanings (n¼5923) and other invasive procedures (ie, tooth extraction, root canal) (n¼1523). The proportion of visits in which AP was used for indicated dental procedures in the MR group decreased significantly from 64.6% before the 2007 AHA guidelines to 8.6% after the 2007 AHA guidelines (P<.001) ( Figure 1 and Table 2) . Similarly, when stratified by type of indicated procedure, the proportion of AP use decreased significantly from 66.4% to 8.8% among dental cleaning visits and from 57.8% to 7.7% among visits for other invasive procedures (P<.001 for both). The proportion of visits in which AP was used for nonindicated procedures decreased from 2.3% before the 2007 guidelines to 0.5% after the 2007 AHA guidelines (P¼.17). (Figure 2 and Table 3 ). In particular, the proportion of dental cleaning visits in which AP was used had decreased significantly from 98.0% to 80.2% (P¼.03). There also was a nonsignificant decrease in AP use for visits with other invasive procedures (from 95.2% to 84.1%; P¼.08). For nonindicated procedures, the percentage of visits in which AP was used had decreased from 7.1% before the 2007 AHA guidelines to 0.0% after the 2007 AHA guidelines.
DISCUSSION
This is the first study to evaluate the effect of the 2007 AHA IE prevention guidelines in a US population based on dental records. We emphasize 3 key findings: (1) there was a rapid and significant decline in the use of AP before invasive dental procedures in the MR group after publication of the 2007 AHA guidelines; (2) there was an unexpected but significant reduction in AP use in the HR group after guideline publication; and (3) AP used in nonindicated procedures, although already low before 2007, further declined after the 2007 guidelines in both the MR and HR groups.
MR Group
Only 64.6% of the indicated dental procedures in patients at MR had included the use of AP before 2007. Factors responsible for this low use of AP remain unclear; however, the complexity of the 1997 AHA guidelines may have hampered application of the guidelines for specific patients and dental procedures. 1, 6 The substantial revisions made in the 2007 AHA guidelines helped clarify which dental procedures require AP use. This clarification may explain our finding of a decrease in AP in nonindicated procedures after the 2007 guidelines. Approximately 8.6% of procedures were performed in MR patients who continued to receive AP even though the 2007 guidelines did not recommend it. In a survey by Lockhart et al 6 that examined compliance with the 2007 AHA guidelines by dentists, 70% of respondents indicated that they had patients who received AP before a dental procedure even though the guidelines no longer recommend it. However, this survey had a response rate of only 16.4%, which may have led to a response bias. A survey of dentists and dental hygienists in Alberta, Canada, was performed to determine their interpretation of the 2007 AHA guidelines. 14 Dentists and hygienists did not consistently recommend AP for all HR cardiac conditions and differed in prescribing AP for cardiac conditions that would place a patient at MR (mitral valve prolapse and hypertrophic cardiomyopathy).
14 These surveys suggest that some patients with MR continue to receive AP; however, the present study suggests that there is good compliance with recommendations from the 2007 AHA guidelines.
In another investigation from Canada, clinical records of pediatric and adult congenital cardiologists were reviewed to determine whether AP was recommended in accordance with the 2007 AHA guidelines. 15 After April 2008, recommendations for AP declined by 44.9% for low-risk cardiac conditions (which would be considered MR). However, some cardiologists continue to recommend prophylaxis for low-risk patients, and there is disagreement or uncertainty in the cardiology community in Canada regarding the 2007 AHA guidelines. 15 
HR Group
In HR patients, adherence to the pre-2007 AHA guidelines was excellent (96.9%); however, there was an unexpected and significant decrease in AP (81.3%) after the 2007 AHA guidelines. The 1997 and 2007 AHA guidelines do not differ regarding the specific cardiac conditions that are considered HR; 1,13 therefore, it is unclear why there was a decline after the 2007 AHA guidelines. We speculate that this may be due to poor awareness or lack of education, or there may remain some confusion regarding groups where AP was no longer recommended. In the Canadian survey of pediatric and adult congenital cardiologists, 15 AP recommendations had decreased by 9.3% for HR patients after April 2008. The authors concluded that cardiologists advised some HR patients against AP. It is unknown whether this trend was due to disagreement or uncertainty with the 2007 AHA guidelines.
Combined MR and HR Group
When combining the MR and HR groups, the plot (Supplemental Figure) is similar to that of Figure 1 in the article by Thornhill et al. 16 However, as discussed in the following section, in March 2008, AP was no longer indicated for any patient/risk group. Differences between the present data and those of Thornhill et al 16 are minor because we represent frequency as proportion rather than as For each type of dental procedure, the frequency of visits that included antibiotic drugs was tested for a difference between the pre-and post-2007 intervals with regression analysis using the general estimating equation method to correct the covariance structure for correlated responses from multiple visits on the same patient and adjusting for dental facility in the model.
number and provide estimates on a yearly basis rather than monthly. The shape of our decline relative to 2007 seems similar to the decreasing trend by Thornhill et al 16 
England and the NICE In March of 2008, the NICE in the United Kingdom published guidelines recommending cessation of AP for all patients at risk for IE, not just those at MR, before invasive procedures, including dental. [16] [17] [18] Thornhill et al 16 studied national prescribing trends for AP in at-risk patients before invasive dental procedures from January 2004 through April 2010 (25 months after the 2008 NICE guidelines were introduced) in England. This study extensively examined AP and its effect on the entire country, ie, dentists and physicians. The authors found a significant 78.6% reduction in AP prescriptions after the guidelines, and despite this reduction, they did not identify a significant increase in the incidence of IE possibly due to VGSdthe primary target of APdapproximately 2 years after the guidelines. 16 Even with these encouraging results, many patients at HR of IE continued to receive AP in conflict with the 2008 NICE guidelines, as evident in a survey by Dayer et al. 19 Moreover, an updated analysis of the IE incidence in England 20 that included cases through March 31, 2013, demonstrated the continued use of AP, although the use had declined since the earlier report of Thornhill et al. 16 In this latter investigation, the IE incidence had significantly increased since introduction of the 2008 NICE guidelines, but no microbiology data were available, which was a major limitation of the study, and no causal association with the introduction of the NICE guidelines was established.
Strengths and Limitations
A major strength of this study is that it included a complete review of the medical and dental records at the level of individual patients to document guideline adherence. In addition, echocardiographic results were reviewed and verified for the underlying cardiovascular conditions. Moreover, among the 8 dental practices, all specialties of dentistry were included.
This study has limitations. Access to all the dental offices in Olmsted County was not available through the REP during the study period. The linkage of medical and dental records requires substantial resources (time, personnel, and organizational costs) to obtain research authorizations and to link, harmonize, and store the data, but we plan to enroll additional dental offices in Olmsted County. We cannot rule out the possibility of bias because dentists who were enrolled in the REP may be more aware of current guidelines or more likely to implement changes than those who are not enrolled in clinical research. Also, the dental offices in this study may not represent all dental practices in the United States, thus limiting generalizability of the findings. In addition, the health system in the region is a unique positive outlier, which may make practices such as AP difficult to extrapolate nationwide. Finally, there may be some inaccuracy of coding for patients such as those with congenital heart disease; however, complete medical record reviews of every patient helped minimize this limitation.
CONCLUSION
In this study of time trends in Olmsted County there was a statistically significant reduction in AP in the MR group before invasive dental procedures and an unexpected reduction in AP in the HR group after publication of the 2007 AHA guidelines. The decline in the HR group was somewhat unanticipated and supports the notion that continued medical education is needed to better ensure compliance with national guidelines.
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Supplemental material can be found online at http://www.mayoclinicproceedings.org. Supplemental material attached to journal articles has not been edited, and the authors take responsibility for the accuracy of all data. For each type of dental procedure, the frequency of visits that included antibiotics was tested for a difference between the pre-and post-2007 intervals with logistic regression analysis using the generalized estimating equation method to correct for correlated responses from multiple visits on the same patient and adjusting for dental facility in the model. c P value was not estimable due to a zero count in the post-2007 interval precluding model convergence.
